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This study adopted the Euler deconvolution method to conduct an inversion and
interpretation of the depth and spatial distribution pattern of field source that lead to
gravity variation. For this purpose, mobile gravity data from four periods in the Hexi
region between 2011 and 2015 were obtained from an observation network. With a
newly established theoretical model, we acquired the optimum inversion parameters
and conducted calculation and analysis with the actual data. The results indicate that
one is the appropriate value of the structure index for the inversion of the mobile
gravity data. The inversion results of the actual data showed a comparable spatial
distribution of the field source and a consistent structural trend with observations from
the Qilian-Haiyuan Fault zone between 2011 and 2015. The distribution was in a
blocking state at the epicenter of the Menyuan earthquake in 2016. Our quantitative
study of the field source provides new insights into the inversion and interpretation
of signals of mobile gravity variation.
© 2016, Institute of Seismology, China Earthquake Administration, etc. Production and
hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).How to cite this article: Liu F, et al., Field source characteristic of gravity variation in Hexi region before Menyuan Ms6.4
earthquake based on the Euler deconvolution, Geodesy and Geodynamics (2016), 7, 317e322, http://dx.doi.org/10.1016/
j.geog.2016.06.004.1. Introduction
An Ms6.4 magnitude earthquake with a focal depth of
10 km hit Menyuan, Haibei Prefecture, Qinghai Province(F. Liu).
ute of Seismology, China
ier on behalf of KeAi
ina Earthquake Administra
ss article under the CC BY(37.68N, 101.62E) at 1:13 am on January 21, 2016 (Local time).
The epicenter was located at the intersection of the north-
west-trending Lenglongling Fault and Tuolaishan Fault, lying
into the Qilianshan seismic belt at the northeastmargin of theEarthquake Administration.
tion, etc. Production and hosting by Elsevier B.V. on behalf of KeAi
-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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tion Center, China Earthquake Administration built a relative
gravity monitoring network in this area in the 1980s. Fig. 1 is
the tectonic map of the survey area in Hexi region. Through
periodical repeated observations of the mobile gravity, it is
possible to capture the gravitational precursory information
related to focus variation [1e3]. Based on the mobile gravity
observations, Zhu Yiqing [4e7] reached a certain accuracy in
medium-term forecasts. This applies to the Wenchuan
Ms8.0 earthquake in Sichuan Province, in 2008; the Yutian
Ms7.3 earthquake in Xinjiang Province, in 2008; the Lushan
Ms7.0 earthquake in Sichuan Province, in 2013; and the
Ludian Ms6.5 earthquake in Yunnan Province, in 2014.
Inversion is an important part of the research and so is the
interpretation of the field source characteristics causing
gravitational field variation. Further quantitative
interpretation is required for the field source characteristics
after acquiring the field variation information.
The present article reports parameter characteristics of
the field source of gravitational field variation before the
Menyuan earthquake, using the 3D Euler deconvolution
method [8,9], which is well-developed in exploration
geophysics. This method is appropriate for determining the
field source location and geometric parameters automati-
cally or semi-automatically, when little prior information is
known. It helps minimizing errors caused by human
deduction during interpretation, locating the range of
anomalous sources effectively, and deducting the specific
locations of anomalous bodies. Finally, this method allows
conducting inversion and interpretation of gravitational field
variation signals.2. Material and methods
The Euler deconvolution method helps locating the struc-
tural range and interpreting anomalous sources when little
prior information is available. It was originally proposed by
Reid [8] and established on the homogeneous Euler equation
(equation (1)). Solving this equation allows to determine the
3D spatial position of the field source location. The equation
provides parameter estimation for different kinds of geologic
bodies.Fig. 1 e Tectonic map of the suðx x0Þ vT
vx
þ y y0
 vT
vy
þ ðz z0Þ vT
vz
¼ NðB TÞ (1)where (x, y, z) represent the coordinates describing the loca-
tion of the observation point, ðx0; y0; z0Þ indicate the location of
the field source, vT
vx,
vT
vy and
vT
vz are the derivatives of the potential
field anomaly T in directions x, y and z, B represents the
ambient field, N is the structure index, representing the
attenuation rate of the intensity of the potential field anom-
aly's as depth changes. N is correlated with the geometric
structure of the field source. Numerous studies were previ-
ously conducted on the selection of the structure index.
Generally,N ranges between 0 and 2, depending on the gravity
anomaly associated with different structural characteristics.
During the inversion process using the 3D Euler deconvo-
lution method, the discrete data is gridded, then we calculate
the gradients of the potential field anomaly on directions x, y
and z, and choose an appropriate structure index N. The
inversion was conducted by sliding a window of a certain size
corresponding to the mesh of the observation data. A set of
linear equations can be formed by substituting the value of
each observation point from the window. The appropriate
window sizewhich can solve equation (1) shall be greater than
or equal to 3  3. A parameter of the field source location can
be obtained each time the window ismoved, in order to adjust
the inversion parameters until optimal values are found,
based on the convergence location of these solutions.
An appropriate window size covers the anomaly range and
the anomaly range of a field source must be covered under
optimal conditions. In practice, the mesh size and the scale
and shape of the anomaly should be calculated or estimated
for repeated adjustment until optimal inversion results are
obtained.3. Model inversion
The Euler deconvolution method has been widely applied
in exploration geophysics as it can invert and interpret field
source parameters without acquiring any prior information of
the field source. The physical property parameters of field
sources are simplified at both ends of the homogeneous Euler
equation, which provides the correlation between the poten-
tial field anomaly, gradient and field source location. Thus, thervey area in Hexi region.
Table 1 e Model parameters of theory field source.
Theoretical
model
Point coordinates of
hexahedron (km)
Density
change
(g/cm3)x1 x2 y1 y2 z1 z2
M1 80 110 150 155 5 6 0.003
M2 50 60 100 110 10 13 0.003
M3 120 150 40 70 20 25 0.003
Fig. 2 e The combined model of multi-depth bodies and its
forward anomaly (unit: umal).
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assigning the structure index N and solving the derivatives of
the anomaly on directions x, y and z before the inversion
calculation. However, different geological problems and
models require different inversion parameters, namely, the
structure index N and the size of the sliding window.
The structure index depends on the geometric shape of
field sources, which usually corresponds to a theoretical
structure index N obtained by gravity inversion for geological
bodies such as dike, fault, and terrace. Since the actual
geological structures are complex and the forms of field
sources are uncertain, the determination and selection of the
structure index have to be completed using repeated tests in
different models. The size selection of the sliding window
should take into account the distance between observation
points and abnormal morphologic characteristics. An essen-
tial principle is that there should be enough observation
points in the window to cover the abnormal form of a field
source and solve the solution of the equation set. The inver-
sion results obtained require evaluation. The horizontal and
vertical errors on the parameters of the field source location
are calculated to determine whether the 3D spatial agglom-
eration degree of the solutions of inverted field source loca-
tions conforms to the geological knowledge.
Based on the understanding of this method and the de-
mands of interpreting the pre-earthquake gravity variation
field, the present study conducted some estimation based
on the form and scale of the present gravity observation
network. It also evaluated the spatial characteristics of the
seismogenic zone before applying the 3D Euler deconvolu-
tion method to interpret the mobile gravity data. A theo-
retical model matching the current observation capability
was designed. The field source models of different depths at
the upper, middle, and lower crust level were established,
according to the forward calculation method for forward
simulation of the theoretical abnormal values from the
surface observation network. This allowed to simulate the
observed gravity variation signals and optimized inversion
parameters. The model anomalies are as shown in Fig. 2, in
which the rectangular shadow corresponds to the
horizontal projections of three field source models on the
surface observation network. The distance between
observation points on the surface observation network is
5 km and the length of the network is 200 km in both
directions, x and y. The parameters of the three field
source models of different depths are listed in Table 1.
The unit scale and the central burial depth of model M1 for
simulating the anomalous sources of the upper crust are
30 km  5 km  1 km and 5.5 km, respectively. The same pa-
rameters formodelM2, simulating the anomalous sources of the
middle crust, are 10 km  10 km  3 km and 11.5 km, respec-
tively. Finally, for model M3 simulating the anomalous sources
of the lower crust, the parameters are 30 km 30 km 5 kmand
22.5 km, respectively. The density variation of the three models
is given as 3.0  103 g/cm3. These three models have different
scale characteristics and buried depths, and the theoretical
anomaly range they calculate on the earth's surface is between
0 and 120  108 m/s2.
After repeated tests and calculation, the results reached
closer to the theoretical models. The aggregation degree of theinversion results conformed to the geometric features of the
models when 1 was selected as the structure index N. The
inversion was ideal when the size of the sliding window
equaled 5 to 8 times the observation point distance. The depth
error range of the entire model inversion was limited within
15%. Fig. 3 shows the group of optimal inversion results
obtained using the above principles. The black dots in the
figure stand for the model results of the inversion and the
red rectangular boxes stand for the actual locations of the
models. With 216 groups of solutions, the results have a
good aggregation degree and the field source characteristics
can be clearly distinguished within the three depth ranges.
On the horizontal location, the inversion results of model
M2 display some errors, while model M1 and model M3 are
more accurate. Therefore, according to the above model
tests, this parameter (N ¼ 1) was adopted as the reference
for the inversion of the gravity variation data observed by
the mobile gravity observation network in the Hexi region.4. Euler deconvolution inversion for gravity
field changes in Hexi region
Fig. 4(aed) show the differential variation of one-year-scale
gravity variation in Hexi region from 2011 to 2015. The one-
year-scale gravity variation can minimize the impact caused
Fig. 3 e The inversion results using Euler deconvolution
method.
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measured gravity data of the same season for point-by-point
difference. The black full lines stand for the variation of
positive gravity values and the blue dotted lines stand for
the variation of negative gravity values. From May 2011 to
May 2012, the gravity variation tends to increase from
southwest to northeast and from negative to positive,
forming a high gradient zone of gravity variation. This trend
is similar to that observed in the Qilian-Haiyuan Fault zone,Fig. 4 e The measured gravity changes osuggesting that the gravity variation is controlled by the
regional stress field and deep fault activities, the local
gravity anomaly zones and the turned off isolines appeared
in Menyuan, Tianzhu and the neighboring areas. From May
2012 to May 2013, there were two local gravity anomaly
zones, at Menyuan-Tianzhu and Qilian-Minle, in the Hexi
Corridor, with an overall positive gravity value variation.
From May 2013 to May 2014, the gravity tends to vary from
northeast to southwest, as well as from positive to negative
and then positive again. A strong gradient zone of gravity
variation was found in the Menyuan-Tianzhu area and the
neighboring areas. From May 2014 to May 2015, gravity
varied significantly at Menyuan, Tianzhu and Wuwei, in the
Hexi Corridor, with the differential movement exceeding
100  108 m/s2, accompanied with a four-quadrant
distribution pattern. While the Ms6.4 earthquake in
Menyuan in January 2016 occurred near the four-quadrant
center with wild gravity differential movements, the zero
line of the high gradient zone of gravity variation displayed
a similar trend to that of the fault.
The morphological characteristics of the field source of
gravity variation shown in Fig. 5(aed) were obtained after the
inversion of the 4 phases of one-year-scale gravitational field
variation in the Hexi region using the Euler deconvolution
method. In the figure, the circles stand for the field source
locations in the inversion. The distance between data points
was 10 km and the window size was 10 times the distance
used in the Euler deconvolution calculation. The field
sources of the obtained inversion results were 10e60 km
deep and usually located inside the crust. Based on the
overall distribution characteristics of field source locations
of the inversion in the figure, the locations of field sources
causing the gravitational field variation in the fourf Hexi area between 2011 and 2015.
Fig. 5 e The spatial distribution of inversed field source using the gravity changes between 2011 and 2015 in Hexi area.
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Haiyuan Fault zone, and 80% of the field sources are
10e50 km deep.5. Conclusion and analysis
Based on the analysis of the theoretical models, this study
selected the optimal parameters for the inversion of the
annual variation of the gravitational field of the measured
mobile gravity data in the Hexi region using the Euler decon-
volution method. We also acquired the geometric parameters
related to the locations of field sources. The main findings of
the study are:
(1) Based on the inversion results in this paper, field source
information may interpret the observation data
reasonably. The Euler deconvolution method is appli-
cable for the interpretation of gravitational field varia-
tion. This confers a unique advantage to the research on
solving source by field, as studies can be conducted
using the Euler deconvolutionmethodwithout knowing
too much prior information.
(2) The analysis of the theoretical models showed that the
areas with a higher aggregation degree of the locations
of the field source solution in the Euler inversion results
are closer to the actual solution locations. The multiple
phases of one-year-scale gravitational field variation
studied in this paper in the Hexi region have a good
contact ratio in the Qilian-Haiyuan Fault zone. The
depth of most of the field sources is between 10 km and
50 km, in correlation with the fault structure.
(3) For locationswith a poor concentration ratio, the variation
of these field sources may be random, to some extent.
Thismay indicate that there are certain but discontinuousfield source (matter) motions in these locations. Such
motions are deemed short-term crustal activities or
related to the uncertainty of observation errors.6. Conclusions
In conclusion, the field source parameters of the observed
gravitational field signals can be calculated to acquire quan-
titative results by designing inversion models and optimizing
parameter selection with theoretical models. The application
of the Euler deconvolution method in the study on the field
source characteristics of gravitational field variation in the
Hexi region significantly improves the understanding of the
potential risks of earthquakes in theHexi region, scientifically.
Furthermore, it can also provide references to establish the
quantitative index system related tomultiple disciplines, such
as earthquake prediction and forecast.
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